Programming of the stress response: a fundamental mechanism underlying the long-term effects of the fetal environment?
There is a large body of evidence which suggests that an adverse fetal environment results in a heightened biobehavioral response to stress, with increased activity of the classical mediators of the stress response, including the hypothalamic-pituitary adrenal axis and autonomic nervous system. Although this has been amply demonstrated in animal experiments, several recent studies suggest that the same processes operate in human populations and may have important consequences for health. The evidence suggests that an adverse early environment or markers of an adverse environment such as low birth weight are linked with long-term alterations in these neuroendocrine systems. However, these studies also demonstrate that there is a considerable degree of heterogeneity in the responses observed which appear to depend on a variety of factors such as the nature or timing of the adverse exposure as well as the gender of the offspring. The mediators of these classical neuroendocrine responses such as cortisol and catecholamines are biologically potent and may directly influence disease susceptibility by means of their effects on metabolism and the vasculature. However, lifelong changes in the set point of these neuroendocrine systems in response to the early environment may also direct the course of development during fetal life, infancy and childhood towards the generation of a phenotype adapted for the adult environment predicted by the clues available during fetal life. This has biological advantages if the actual adult environment turns out to be appropriate for the phenotype. However, ill health may occur if the phenotype is not well matched to the actual environment encountered in adult life.